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(54) Near-azeotropic ternary compositions constituted by hydrogenated f luorocarbons as 
hydrocarbons, suitable as refrigerating fluids 

(57) Near-azeotropic ternary compositions of hydrofluorocarbons with n-butane or isobutane selected from: 



A) 


1,1,1. 2-tetrafluoroetnane (R134a) 


65-94% by weight 




pentafluoro ethane (R125) 


2-25% by weight 




n-butane (R600) and/or isobutane (R-600a) 


1-10% by weight 


B) 


1 , 1 , 1 ,2-tetraf luoroethane ( R 1 34a) 


65-94% by weight 




1,1,1 ,2,3,3,3-heptafluoropropane (R227ea) 


5-25% by weight 




n-butane (R600) and/or isobutane (R-€00a) 


1-10% by weight 



Said compositions have zero ODP, very low GWP and good solvent power for mineral lubricants. They are utilizable 
as drop-in substituents of R-12 in domestic refrigeration. 
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Description 

The present invention relates to near-azeotropic compositions utiiizable as refrigerating fluids in circuits working 
according to the Rankine cycle. More particularly the present invention relates to compositions having zero OOP 
s (Ozone depleting Potential) value and low GWP (Global Warming Potential) and VOC (Volatile Organic Compound) val- 
ues, utilizable as low environmental impact substituents of dichlorodifiuoromethane (R-12). 

R-12 has been widely used as refrigerating fluid for circuits working at middle-high evaporation temperatures, typ- 
ical of the domestic refrigeration and of the housing and motorvehides air-conditioning. At present the manufacturing 
and marketing of R-1 2, and generally of chlorof luorocarbons, are submitted to restrictive rules in all the world for appri- 
ze cations of this kind because of the alleged destroying power of this product on the ozone layer present'in the strato- 
sphere. 

Therefore, the need of finding other products or compositions capable of effectively replacing R-12 without causing 
environmental damages, is particularly felt For this purpose, it was suggested the use of hydrof luorocarbons (HFC) or 
hydrochlorof luorocarbons (HCFC), whose depleting potential with respect to ozone (OOP) is very low or even zero, as 
is very low is also their contribution to the so called "greenhouse effect*, measured by the GWP. 

Among the various substitute products of R-12 up to now proposed, the most known is 1,1,1,2-tetrafluoroethane 
(R-134a), a product having a low environmental impact (OOP-0); GWP =0.35) and properties similar to those of R-12. 
However R-1 34a shows as refrigerant a coefficient of performance lower than that of R-12 and, on the other side, it is 
not compatible with the conventional lubricants of mineral type, therefore its use as refrigerating fluid requires on the 
20 one hand a new planning of the refrigerating circuit to avoid higher energy consumptions and on the other hand the sub- 
stitution of the lubricating oil with another compatible oil. The oil conventionally used with R-12 is indeed of the mineral 
type while that required by R-1 34a belongs to the esterified polyols class and the two lubricants are not compatible. 

In order to overcome the drawbacks shown by R-1 34a, alike other single refrigerants, the use of mixtures contain- 
ing HFC has been proposed. However, if mixtures are used, other inconveniences are encountered. First of all, because 
25 of the different volatility of the components, fractionation occurs when passing from liquid phase to vapour phase and 
viceversa, with a remarkable variation in the condensation and evaporation temperatures, so as to impair even consid- 
erably the efficiency of the refrigerating circuit. Moreover, the filling up of the refrigerant necessary in consequence of 
unavoidable losses from the refrigerating plant, cannot be carried out with the original mixture, but it is necessary to pro- 
portion the various components according to the exact composition of the mixture remained after fractionation, so as to 
so restore the initial optimum composition. Lastly, if the mixture contains a more volatile, inflammable component, the 
vapour phase enriches in such component until the inflammability point is reached, with evident hazard during its use. 
Similarly, if the inflammable component is less volatile, it concentrates in the liquid phase, giving rise to an inflammable 
liquid. 

In order to avoid such drawbacks, it is therefore convenient to use mixtures having an azeotropic behaviour, i.e. 

35 mixtures characterized in, that they behave as pure fluids. However, the obtainment of azeotropic mixtures is an 
extremely rare event, since it requires a particular combination of boiling temperatures and deviations from the ideal 
behaviour of the various components. Therefore, the study of refrigerating mixtures has been directed to the obtainment 
of "near-azeotropic" mixtures. The definition, among those suggested until now. which better suits the purposes of the 
present invention, is that according to which a near-azeotropic behaviour occurs if the percentage pressure variation in 

40 consequence of a 50% evaporation of the liquid (indicated as Ap/p per 1 00) at 25 # C is lower than 1 5% (in this respect 
see the article by D.A. Dldlon and D.B. Bivens in Int. J. Ref rig., vol. 13, p. 163 and following, 1990). 

A further characteristic desirable for the substituents of chlorof luorocarbons (CFC)-based refrigerants, as already 
mentioned, is that they shall not virtually require any modifications of elements, materials and, generally, components 
of the system in which they operate: in this case we can speak of "drop-in" substituents. In particular, it would be advan- 

45 tageous having a product or a mixture soluble in the lubricating mineral oils commonly used with conventional refriger- 
ants, or soluble in an oil compatible with the oils used at present In such a way, before introducing the new refrigerant, 
complex operations oi complete cfischarging, accurate washing and drying of the refrigerating plants would be avoided. 

In EP 299614 various near-azeotropic mixtures of halocarbons are proposed as substituents of R-12 in the refrig- 
erating field. The mixtures of this kind on the one hand still show not zero OOP values because of the presence of chto- 

so rine atoms in one or more components, on the other hand, according to what ascertained by the Applicant, require the 
use of an alkylbenzenic lubricating ofl, with the drawbacks described above. 

In EP 565265 are described mixtures containing R-1 34a, an hydrocarbon selected from propane," propylene or 
isobutane and optionally octafluoropropane (R-218). Although these mixtures are an improvement compared with 
Rl34a used alone, they show the drawback of a notable deviation from the azeotropic behaviour. See in particular col. 

55 3, lines 13-15. 

In EP 638623, in the name of the Applicant mixtures as substituents of R-12 and R-502 are described, however 
. some of them have not the feature of being "drop-in", while lor others it has been found that they do not have sufficient 
chemical stability during the use. 

The Applicant has unexpectedly found that HFC-based mixtures containing hydrocarbons as hereinunder defined, 
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have near-azeotropic behaviour, are non-flammable up to an hydrocarbon content of about 4% by weight or only slightly 
flammable for an hydrocabon content higher than 4% and up to 10% by weight and are characterized by vapour pres- 
sure curves such as "to make them particularly suitable as substituents for refrigerants R-12. by enjoying moreover of 
the feature of being "drop-in". Such mixtures are moreover characterized by a very low or zero environmental impact, 
expressed in terms of ODP. GWP and VOC. 

Therefore, object of the present invention are ternary mixtures, ulilizabie as refrigerating fluids, essentially of Ihe 
following types: 



A) 


1,1,1,2-tetrafluoroethane (R134a) ! 


65-94% by weight 




perrtaftuoro ethane (R125) 


c. cJo/o oy wtsigiu 




n-butane (R600) 


1-10% by weight 


B) 


1,1,1,2-tetrafluoroethane (R134a) 


.65-94% by weight 




pentafboroethane (R125) 


2-25% by weight 




isobutane (R600a) 


1-10% by weight 


Q 


1,1,1,2-tetrafluoroethane (R134a) 


65-94% by weight 




pentafluoroethane (R125) 


2-25% by weight ' 




n-butane (R600) and isobutane (R600a) 


1-10% by weight 


D) 


1 ,1 ,1 ,2-tetrafluoro ethane (R134a) 


65-94% by weight 




1 ,1 ,1 ,2.3,3,3- heptafluoropropane (R227ea) 


5-25% by weight 




n-butane (R600) 


1-10% by weight 


E) 


1.1.1 ,2-tetrafluoroethane (R1 34a) 


65-94% by weight 




1 ,1 ,1.2.3,3,3-heptafluoropropane (R227ea) 


5-25% by weight 




isobutane (R600a) 


1-10% by weight 




1 ,1 ,1 ,2-tetrafluoro ethane (R134a) 


65-94% by weight 




1 .1 .1 , 2,3,3, 3-heptafluoropropane (R227ea) 


5-25% by weight 




n-butane (R600) and isobutane (R600a) 


1-10% by weight 



said mixtures having the feature that the percent variation of the vapour pressure after the 50% evaporation of the liquid 
at the temperature of 25'C is comprised between 0.5 and 1 5% of the vapour pressure before said evaporation and pref- 
erably between 0.5 and 7%. The n-butane is usually a commercial product which can contain up to 10% of isobutane. 
Similarly, isobutane is usually a commercial product which can contain up to 10% of n-butane. 

Preferably A, B and C mixtures contain 75-86% of R134a, 4-20% of R-1 25 and 2-4% of hydrocarbon (R-600 and/or 
R-600a); the D. E and F mixtures contain 75-93% of R-I34a. 5-20% of R-227ea and 2-4% of hydrocarbon (R-600 
and/or R-600a). since these mbdures result non flammable. Unexpectedly, as already said, the mixtures containing only 
a little more than 4% of hydrocarbon result slightly flammable. Moreover the mixtures containing n-butane are preferred 
to those containing isobutane; this was unexpected as the azeotiopic or near-azeotropic behaviour usually is found 
more easily when the boiling. points of the components are closer. 

Generally, the mixtures object of the present invention, being constituted by more refrigerants, show the advantage 
of a greater flexibility and therefore they meet better than one single component the thermodynamic and thermophysical 
characteristics required for a certain refrigerating circuit configuration. 

As already said, the above mentioned mixtures are substituents of R-1 2 of drop-in type, as they can be used in the 
existing equipments concerning refrigeration at middle evaporation temperature, in particular in the domestic refrigera- 
tion, without needing the replacement of mechanical parts or of conventional mineral lubricating oils. This feature was 
unexpected if it is considered that the drop-in substituents of R-12 previously known contain chlorine. Once dissolved 
in the lubricating oil the invention mixtures, unlike those previously used, do not cause, also at high temperatures and 
for long contact times, noticeable alterations in the chemical-physical characteristics of both the oil and the metal sur- 
faces usually present in the refrigerating circuits, revealing therefore a good chemical stability. 

Moreover, thanks to the near-azeotropic characteristics, depending on the content of hydrocarbons, said mixtures 
show no or at most a slight tendency to fractionate into inflammable liquids or vapours also after a substantial evapora- 
tion of around 50% by weight. 
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II has also been unexpectedly found that even small percent amounts of rf butane onscbutane P^inthese 
mixtures allow to noaceabfy improve the solubility of conventional mineral lubricants in HFC. rrctono, .sly "co^atHi 
XtheU oils. Moreover, is has been noticed that also when the solubility of the oil in the refrigerant s not optimum, the 
SSons unexpectedly capabteof coming back from me evaporator, which represent the crrt,cai zone of the ar- 
s StThe con^Sor. thus Gaining lubrication and avoiding wear phenomena of the compressor mechanical 
parts and undesired oil accumulations in the exchangers. k , 

Some working examples of the present invention are hereunder reported, whose purpose is merely .llustratrve but 
not limitative of the scope of the invention. 

I0 E XAMPLES 1-9 i"rt 15, COMPARATIVE EXAMPLFS 10-14 and 16-17 

Various mixtures according to the present invention were prepared: the compositions, expressed as % by weight. 
! reported in Table 1. Each mixture was characterized according to the following tests: 



arer 



' 5 S.g g!^ W and weigh, was introduced into a prevtou. y £ « 

an internal vdume equal to 150 cm 3 . The filling volume ratio was initially equal to 0.8. The cylinder was 
WoTtherrno^rtic teth at 25°G As soon as the equiltorium was reached, the Inner pressure was measured by 
me^s d aTessure^sducer. The content ot the cylinder was then partly discharged by means of a suitable 

» u2« I ft^Z»er weigh, reached a value corresponding to 50% of the ,HU charge, by teep,nc I the W 
aarre at 25'C. The pressure inside the tube was measured again at 25'C. The mixture had a nea -azeotropc 
behaviour H the pressure drop, pressed as percentage with respect to the inrbal pressure (Ap/p • 100 ). was com- 
P Setween0 TZi 15% preferably between 0.5 ard 7%. For some mixtures also the value corresponding to 
the 90% evaporation of the starting mixture was. reported; 

* A^ough^np/p • 100 value is not the direct measurement of the azeotropy. ft is however indicative of an azeo- 

Srlo^'stress the behaviour closer to the azeofropic one of the mixtures according to the 

with the mixtures ot the prior art, there was measured the variation of the composition versus the amount of 
evaporated Hquid at the temperature ot 25'C for a typical mixture according to the invention and for two moctures of 

comparative examples 14 ot Table 1 and 17 of Table 2 practically reproduces the corrposrt.on of example 2 of EP 
565265. The improvement represented by the compositions of the invention results evident 

gSSeSSnder described above, tilled wfth the refrigeraSng mature ny to a volume ra«o o, M and 

» hlTrsL into the thermostatic bath, the boiling temperature is determined by slowly reducing the t^er^eof 
me tn^mostaScbath until the equilibrium pressure of 1.013 bar is reached: the temperature corresponding to such 
a pressure is the boiling temperature of the mixture. 

of the tested mixtures was determined according to a test which allowed to raraa. tfcme propa- 

40 galion when the test mixture was supplied onto a burner put at a determine* nrariua1ed horizontal 

A burner wfth oxidizing flame constituted by a Bunsen burner was put near the zero po,nt of a a ^ h °™ 
rod so that the third upper part of a 5 cm flame was at the same height of the delrvenng valve of a srrall sprayqrt- 
£ Tr, ftS I Ir^s Produced in the cyfinder and thermostated at the temperature of 20'C The cyhnder 
was put at the distance of 15 cm from the burner and the Iquid phase of the mixture was ajptai ontol fta tana 

« The tallowing inflammabilfty evaluation criteria were adopted: the mixture was . eon»d«d ' J. " 

propagation or increase ot the burner flame was noticed; fte mixture was considered » " a ^^ on a ^ 
Lease of the tlame without propagation was noticed; the mixture was cons,dered ftammable rf propagation of the 
flame was noticed independently of the flame length. 4 «„ rtr 
In «se * the refrigeraing mixtures of the invention the test was carried out on both fiquri phases and on vapor 

so rhatesat^eTtii^iumBetorecar^ 

E; the vapour phase of the mixtures was restored as liqukf phase and deliver* according » »^ ™f JJ* 
For comparSve purposes the data obtained with the binary mixtures R-134a/R-600 and * 13 ^°° a J! r * 
n^rt^rC^e of R-12S and R-227ea in the compositions according to the invention allows to improve the 
characteristics of non-flammability compared with said binary mixtures. 

SS Tr^v^cS 

average), referred to CFCI 3 . 
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EXAMPLE 18 

Solubility of mineral oil in refrigerating mixtures, 

A reference mineral on (SHELUCLAVUS 32) was introduced in a glass test tube having «|*?* * 

pressures and dosed at one erxi by a metal valve. After cooling, the refrigerating mixtore to be esjed wasirrtro- 
duced in the test tube previously evacuated and the test tube was immersed in a thermostats The tempera- 
te was firstly slowly increased from 25'C up to 60-C (homogenous solution) and then reduced until clouding was 

SSSKues obtained with me mixttire R-1 2S/R-134a,R*00 in the 10.90/84. 1 6/4.94 ratio and for com- 
parative purposes, with R-134a and R-12, are reported in Table 3. 

pyample 19: Wear test 

The test allows to point out possible anomalies in the compressor lubrication by observing the mechanical parts 
wear T^e weapTeno^ena are Connected to insufficient lubrication caused by poor return of Iheo **°"W'<*™ 
Xnoice^e deLaseof the viscosity of the oil/refrigerant system which is no longer capable rflubricaimg the com- 

^Ta^X^nt circuit equipped wtth an atternalive hermetic compressor for home reWgerato^ a liquid fix- 
ture consisting of R-125/FPl34am-600 in ratio by weight 10:85:5 is introduced. The used lubncawg al 's a rnrne^ od 
ISO Z commonly used wtth R-12. The compressor is kept in continuous working for 1000 hours, by adjusfcng the dekv- 
aVpfessure a. 20 bar. This period being elapsed the compressor mechanica. parts are submrtted to a 
ton homer to identity anornalous wear phenomena. The evaluations are carried out on the basis of a 
2 me exertional refrigerant R-12. The refrigerant and oil amounts in the two tests are the same. The results are . 
reported in Table 4. 

EXAMPLES 20 and 21 ; t»cm rhpmical stability . 

Die mixtures according to the invention were submitted to a chemical stability tesl in the presen^metete (cop- 
oer and steel) according to ASHRAE Method 97-1983, with some minor modif.cat.ons. as reported heretnafter 
P ol c^per^one steel coupon and about 1 ml of mineral ofl such as SHELL CLAVUS 32 were .ntroduced .nto 
a alass tube, having a 4.5 mm diameter and a 250 mm height 

Z glass tube was men inserted into a steel cylinder fitted to contain exactly the tub* and equipped » 
The cylinder was evacuated, cooled and then loaded with 1 ml of refrigerating mixture. The cyhnder was then closed 

^S^T^^IS* was analysed by gaschromatography to detect the presence « P~>»* 
producing from degradation reactions of the refrigerant The oil was tHrated to determine the possWe mcrease 
o!"e acidity (expressed as mg KOH/g oil). The metal coupons were submitted to visual exam.nat.on to reveal poss,ble 
surlace changes due to corrosion and formation of deposits. .„.,»- 
The equations are carried out by considering as re.erence a system constituted by R.12/oil/me.als. The results 
obtained with the two mixtures according to the Invention are reported in Table 5. 
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TABLE 1 - H«ar-ax«otropic compositions : chemical -pbyaicAl data 
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<* br 

walgtet) 


•C 2S»C 
(bax> ' 


«C 25'C 


in 

■t as*c 
1% w 

— igfac) 


W«*x- 

aaaecropic 
bahaviour 


8. P. 


PI. — hl- 

lLty — 

l4q.Vap. 


.GDP 
— 






B-US ••• 
«-U4« 45. 3 
a-coo • . 4-» 


7.43 


. 1.14 


. B-135 17.2 
*.U4a 74.4 
R-400* 4.4 


4.72 10.94 


-30.0 


5.9. 8. J. 






3 


B-L35 10.4. 
a-Uta ts.< 
B-IOO 4.0 


7 .74 


1.15 


i-ia* i4.o 

R-134a 74.4 
R-4Q0 1.2 


S.14 10.93 


-39.4 


n.r. 6.9. 








■-124 14.4 
B-U44 41.0 


4.15 


l.XT 


IUt 35.* 
B-U44 70-t 
R-400 J.J 


5.77 13.50 


-32.0 


a. f. ■ 






4 


■ Uf 13.1 
B - 1>4« 44. C 

H-100 2.4 


7.79 


1.17 


ft- 125 20. E 
ft-134a 74. • 
B-400 J.« 




.-31.0 


a. 9. S-P- 


0 


0.35 


1 


a-ios c . c 

B-U44 91.0 
R-400 2.4 




1.17 






-29.0 


n.r. 


□ • 


0.31 


I 


ft -13$ 10. C 
ft-134« 4«.3 
B-f 00* 3.1 




1.14 


ft- 125 14.4 
ft- 134 a 71.7 
B-400* 4.9 




-33.0 


H.r. *.9. 


0 


0.32 


r 


■ -13J " t.l 
l-UU K.I 


l.fll 


1.14 


ft- 124 14.3 
ft- 134a 71.2 


5. 01 12.04 


-34.0 


6.9. r. 


0 


0.32 


i 


24.0. 
. B-134« T1.0 
ft -400 5.0. 


4.40 . 


1.14 


ft- 23 7** 19. J 
B-134B 74.0 
ft-400 4 . 7 


3.94 $-20 


-34.0 


er.F. b.f. 


9 


0 .40 




ft-237** 4 • 0 
tt-lXK M.O 


7. as 


1.15 


ft-237*« 

ft-134* 

B-4004V 


4.15 9.44 


-32 .0 




0 


0.33 




ft-13 lOO 


4. 4 J 


1.22 


R-L2 100 


o.oo 0.00 


-29.5 


«.r. «.r. 


1 


2.93 


11 • 


1UU M . 1 
ft-400 * . i 




1.14 


ft-l3«* 93.0 
B-4O0 7 . 0 




-27.0 


r. r. 


- - 0 


0.2T 




t-UM »S.C 

b-coo* s.o . 




* 1.14 


I-U44 91. S 
. B-400* »-5 




-32.5 


F. I- 


0 


0.27 


13" 


ft- 111 9.2 
ft-134* •!.« 
B-COCm S.O 


4.1* 


1.15 


4-214 17.4 
ft-U«« 7S.7 
ft-400a 45 


7.49 15.34 


-34.0 




0 






ft.23.4 t.l 
B-U4a 45. 9 
■-1»0 S.4 


9. 45 


.1.10 


ft-219 17.$ 
ft- 134* 49. S 
B-290 13 .0 


' 20.41 31.47 


-45.0 




0 

















*• p. - ci i- f b.p. - ■» fu— hU, a.r. - .ligntly fl*-»»kl-. 



► " with rayct to CFC1, 
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TJLBltX 2 - Variation of composition versus the mount of 
liquid evaporated at the temperature of 25 *C, 
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TABLE 3 
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45 



Solubility of mineral oi! in refrigerating mixtures 


Concentration of the oil 
0% by weight 


Demixing critical temperature (cloudy point) °C 




Example 18 R-125/R- 
134a/R-600 = 
10.90/84,16/4,94 


R-134a 


R-12 


0.14 


+12 


+36 


<-70 


0.20 




+45 


<,70 


0.23 


+18 


+49 




0.30 


+24 


+58 


<-70 


0.35 


+30 




<-70 


1.94 




>+60 




2.03 


>+60 







' Olio SHELL/CLAVUS 32 
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TABLE 4 



Wear tesls of the compressor (*)• 


Mechanical parts 


Example 19 R-125/R- 
134a/R-600 = 10/85/5 


R-12 


SHAFT: 






eccentric 


• 1 


1 


long shank 


2 


1 


BODY: 






cylinder 


1 


1 


hub 


1 


1 


PISTON 


1 


1 


CONNECTING ROD 


1 


1 


VALVE 


SD 


SC 


PLATE VALVE 


SD 


sc 



n Analysis codification: 

1 Homogeneous slight polishing wilhout scorings 

2 Non homogeneous slight polishing without scorings 
SD Slight deposit 

SC Slight colouring 
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TABLE 5 





Chemical stability tests (Modified ASHRAE TEST 97-1983 14 days at 175*C) (*) 


s 




Comparison 


Example 20 


Example 21 




Refrigerant (% by weight) 


R-12 


100 


R-125 
R-134a 


10.0 
85.0 


R-227ea 
R-134a 


24.0 
71.0 


10 








R-600 


5.0 


R-600 


5.0 




Humidity in the refrigerant 


1 


3 ppm 


15 ppm 


15 ppm 




Oil 


mineral 


mineral 


mineral 




Humidity in the oil 


35 ppm 


35 ppm 


35 ppm 


15 


Metal 


Cu; AISI-316 


Cu; AISI-316 


Cu; AISI-316 




RESULTS 






Visual evaluation: 














20 


Cu 




B 




,B 




B 




AISI-316 




U 




U 




U 




oil 




SC 




SC 




SC 




Acidity (mg KOH / g oil): 














25 


before 




<0.01 




<0.01 


<0.01 




after 




0.15 




0.08 




0.09 




Gas chromatographic analy- 














30 


sis: 














by-products (% by weight) 


0.18 <~) 


<0.01 


<0.01 



O Analysis codificaiion: 

SC * slight colouring 

U = unaltered 

8 » browning 

O by product R-22 



40 

• Claims 

1 . Ternary compositions of hydrofluorocarbons with n-butane or isobutane selected from the group consisting of: 

50 



9 
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A) 


1,1,1,2-tetrafluoroethane (R134a) 


65-94% by weight 




pentafluoroethane (R125) 


2-25% by weight 




n-butane (R600) 


1-10% by weight 


B) 


1,1,1,2-tetrafluoroethane (R134a) 


65-94% by weight 




pentafluoroethane (R125) 


2-25% by weight 




isobutane (R600a) 


1-10% by weight 


C) 


1,1,1,2-tetrafluoroethane (R134a) 


00-9*+% Dy weigm 




pentafluoroethane (R125) . 


2-25% by weight 




n-butane (R600) and isobutane (R600a) 


1-10% by weight 


D) 


1,1,1,2-tetrafluoroethane (R134a). 


65-94% by weight 




1,1,1 ,2,3,3.3-heptafluoropropane (R227ea) 


5-25% by weight 




n-butane (R600) 


1-10% by weight 


E) 


1,1,1 ,2-tetrafluoroethane (Rl34a) 


65-94% by weight 




1,1,1 ,2,3,3,3 -heptafluoropropane (R227ea) 


5-25% by weight 




isobutane (R600a) 


1-10% by weight 


F) 


1 ,1 ,1 ,2-tetrafluoroethane (R134a). 


6S-94% by weight 




1 ,1 .1 ,2,3.3.3-heptafluoropropane (R227ea) 


5-25% by weight 




n-butane (R600) and isobutane (R600a) 


1-10% by weight, 



30 said compositions having the feature that the percent variation of the vapour pressure after 50% evaporation of liq- 
uid at the temperature of 25°C is comprised between 0.5 and 15% of the vapour pressure before said evaporation. 

2. Compositions according to claim 1 consiting of: 
35 



1,1,1 ,2-tetral luoroethane (R 1 34a) 


75-86% by weight 


pentafluoroethane (R125) 


4-20% by weight 


n-butane (R600) 


2-4 % by weight 



AO 



3. Compositions according to claim 1 consisting of: 

45 





1,1,1 ,2-tetrafluoroethane (R 134a) 


75t86%» by weight 




pentafluoroethane (R125) 


4-20% by weight 


50 


isobutane (R600a) 


2-4 % by weight 



55 4. Compositions according to claim 1 consisting of: 



10 
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1,1,1 ,2-tetraf tuoroethan e ( R 1 34a) 


75-86% by weight 


pentafluoroethane (R125) 


4-20% by weight 


n-butane (R600) and isobutane (R600a) 


2-4% by weight 



5. Compositions according to claim 1 consisting of: 



1,1,1,2-tetrafluoroethane (R134a) 


75-93% by weight 


1,1,1 ,2,3,3,3-heptaf luoropropane (R227ea) 


5-20% by weight 


n-butane (R600) 


2-4% by weight 



S. Compositions according to claim 1 consisting of: 



r 


1,1,1 ,2-tetraf luoroethane (R1 34a) 


75-93% by weight 


1 , 1 , 1,2, 3,3,3-heptaf luoropropane (R227ea) 


5-20% by weight 


isobutane (R600a) 


2-4 % by weight 



7. Compositions according to claim 1 consisting ot 



1,1,1,2-tetrafluoroethane (R134a) 75-93% by weight 

1,1. 1,2. 3.3 .3-heptaf luoropropane (R227ea) 5-20% by weight 
n-butane (R600) and isobutane (RSOOa) 2-4% by weight 



8. Compositions according to anyone of claims from 1 to 7 wherein the percent variation of the vapour pressure after 
50% evaporation of the liquid at the temperature of 25«C is comprised between 0.5 and 7% of the vapour pressure 
before said evaporation. 

9. Use of the compositions according to claims from 1 to 8 as refrigerating fluids. 

10. Use ot the compositions according to claims from 1 to 8 as "drop-in" substituents for R- 12 refrigerant. 
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